ABSTRACT. The antimicrobial susceptibilities of 2,205 isolates of Escherichia coli and 1,181 isolates of Enterococcus faecalis (n=610) and E. faecium (n=571) from apparently healthy cattle, pigs and broiler and layer chickens collected from 2000 to 2003 were examined using an agar dilution method. Overall, the isolates from cattle and layer chickens showed a lower incidence of resistance to almost all antimicrobials studied compared with those from pigs and broiler chickens. Fluoroquinolone resistance was found at a low level in isolates of E. coli from four animal species and in E. faecalis from pigs and broiler and layer chickens. Resistance to cephalosporin was identified in isolates of E. coli from broiler chickens in 2000-2002 and from four animal species in 2003. Incidence of antimicrobial resistance in the bacteria did not vary from year to year during the investigation period.
Antimicrobial resistance arising from antimicrobial use is of global concern. However, antimicrobial agents are essential for human and animal health and welfare. The WHO and other organizations require programs to monitor antimicrobial resistance in zoonotic bacteria, animal pathogens and commensal bacteria [7, 18] . Escherichia coli and Enterococcus spp., found in the commensal fecal flora of animals, have been widely used as indicator bacteria for monitoring of antimicrobial resistance. The resistance in indicator bacteria reflects a certain selective pressure caused by the use of antimicrobials in food-producing animals. To date, national programs for surveillance of bacterial resistance have been established in many countries to provide information about antimicrobial-resistant bacteria and antimicrobial use [1, 4, 5] .
In the Japanese Veterinary Antimicrobial Resistance Monitoring System (JVARM) [17] , preliminary monitoring of antimicrobial-resistant bacteria was carried out in 1999 to evaluate isolation procedures and baseline of antimicrobial resistance in bacteria from food-producing animals. Our previous study showed antimicrobial resistance in enterococci from broiler and layer chickens [19] . However, little information concerning the resistance in other bacteria such as E. coli, Campylobacter and Salmonella of layer chicken origin is available for risk analysis of antimicrobial resistance in food-producing animals. Although three species of animals, cattle, pigs and broiler chickens, were targeted in the preliminary monitoring [11, 13] 
MATERIALS AND METHODS
Bacteria: Sampling and bacterial isolation were carried out at the Livestock Hygiene Service Centres of all fortyseven prefectures across Japan between 2000 and 2003. Fresh faecal samples were collected from apparently healthy cattle, pigs and layer and broiler chickens throughout the country as previously described [2] . E. coli, E. faecalis and E. faecium were isolated from faecal samples as previously described [11, 13] . These isolates were then stored in 10% skimmed milk at -80C until use.
Antimicrobial susceptibility tests: The minimum inhibitory concentrations (MICs) of antimicrobial agents were determined by the agar dilution method according to the guidelines of the Japanese Society of Chemotherapy (JSC) [14] [15] . Staphylococcus aureus ATCC 29213, E. coli ATCC 25922 and Pseudomonas aeruginosa ATCC 27853 were used as quality control strains for both methods. In addition, E. coli NIHJ and S. aureus 209P were used as additional quality controls for the JSC method, and E. faecalis ATCC29212 was used for the CLSI method. Resistance breakpoints defined in previous studies [11, 13] were adopted. The resistance breakpoints of some antimicrobials, including undefined antimicrobials, were newly determined on the basis of the intermediate MICs of two peak distributions in this study. For the CLSI method, breakpoints established by the CLSI method were adopted according to the CLSI guidelines [6] . For the antimicrobials not defined in the CLSI guidelines, breakpoints were determined microbiologically.
Classification of cephalosporin-resistant E. coli: Detection of the -lactamase genes and amplification of the promoter region of the ampC gene were carried out by polymerase chain reaction (PCR), as previously described by Kojima et al. [12] . The nucleotide sequences of both strands were directly determined on the PCR products. The DNA alignments and deduced amino acid sequences were examined using the BLAST program (National Centre for Biotechnology Information, Bethesda, MD, U.S.A.). Conjugation experiments were performed using the membrane filter mating method, and transferable plasmids were extracted and purified using a commercially available kit (Plasmid Midi Kit, Qiagen Inc., Valencia, CA, U.S.A.). The molecular weights of transferable plasmids were estimated by comparison of the distance that they traveled with that of molecular weight standards. Plasmid DNAs (pC79-6, pC33-13 and pC6-8) were used as the molecular weight standards [12] . Southern blot hybridization was applied for detection of the location of the -lactamase gene using dig- Resistance to ampicillin, kanamycin, chloramphenicol and trimethoprim was commonly found in E. coli isolates obtained from pig and broiler chickens. The incidence of nalidixic acid resistance was high in the isolates of E. coli from broiler chickens (27.4-32.0%), intermediate in those from pigs (2.0-6.6%) and layer chickens (4.3-7.5%) and low in those from cattle (0-1.7%). A low frequency of enrofloxacin resistance was observed among isolates of E. coli from cattle (0-1.2%), pigs (0-4.1%), broiler chickens (2.6-6.9%) and layer chickens (0-5.8%). Resistance to cefazolin and ceftiofur was only found in E. coli isolates of broiler chicken origin (2.7-7.1% and 2.7-5.1%, respectively) between 2000 and 2002. In 2003, resistance to cefazolin was found in nine E. coli isolates from all the animal species. Of the nine isolates, eight isolates from pigs and broiler and layer chickens exhibited resistance to ceftiofur; however, one bovine isolate was susceptible to ceftiofur. Seven ceftiofur-resistant isolates from broiler and layer chickens harboured the CMY-2 -lactamase gene, and one porcine isolates harboured the CTX-M-2 -lactamase genes ( Table 5 ). The CMY-2 -lactamase gene was located in a transferable plasmid (approximately 113 or 130 Kb), whereas the CTX-M-2 -lactamase genes were located on the bacterial chromosome. The cefazolin-resistant bovine isolate had mutations at positions -42 (CT), -18 (GA), -1 (CT) and +58 (CT) in the ampC promoter region.
A total of 1,181 isolates of E. faecalis (n=610) and E. faecium (n=571) from four species of food-producing animals were collected from 2000 to 2003. Antimicrobial resistance in isolates of E. faecalis and E. faecium was found for 9 and 8 of the 12 antimicrobials tested, respectively ( Tables 3 and 4 ). The resistance rates against all of the antimicrobials studied, except for avilamycin, were stable in the E. faecalis and E. faecium isolates between 2000 and 2003.
Antimicrobial resistance was more frequently found in E. faecalis isolates than in E. faecium isolates.
Overall, resistance was more frequently found in E. Table 2 . *d) Not tested. Table 2 . d) Not tested.
faecalis and E. faecium isolates from pigs and broiler chickens than in cattle and layer chickens (Tables 3 and 4 ). Resistance in E. faecalis isolates was frequently found against dihydrostreptomycin, kanamycin, oxytetracycline, erythromycin and lincomycin in pigs and broiler and layer chickens. Enrofloxacin resistance was found at a low level in isolates of E. faecalis from pigs and broiler and layer chickens. Resistance against gentamicin and chloramphenicol was frequently found in porcine isolates of E. faecalis (Table 3) . Resistance in E. faecium isolates was most commonly against oxytetracycline in all 4 species of food-producing animals and against dihydrostreptomycin, erythromycin and lincomycin in pig and broiler chicken isolates (Table 4) .
DISCUSSION
In the present study, isolates of E. coli and enterococci from cattle and layer chickens showed a lower incidence of resistance to most of the antimicrobials studied compared with those from pigs and broiler chickens. Our previous studies showed that a relatively lower incidence of resistance was observed in E. coli and enterococci isolates from cattle [11, 13] . Our previous study also found that resistance to antimicrobials was commonly found among isolates from broiler chickens compared with layer chickens [19] . Low frequency of antimicrobial resistance was also found in isolates of Campylobacter from apparently healthy cattle and layer chickens [10] . Cattle with a bacterial infection are individually administered with antimicrobial whereas all the animals in affected pig herds and poultry flocks are treated. In layer chickens, however, antimicrobial administration to birds laying eggs is regulated to prevent antimicrobial residue in eggs. The tendency for low resistance prevalence in cattle and layer chickens may be caused by individual treatment of cattle and non-use during the egg-laying period, respectively.
The prevalence of antimicrobial resistance in E. coli isolates is different in each country by animal species and antimicrobial substance. Compared with European countries [4] , the incidence of antimicrobial resistance in E. coli was roughly intermediate to high in Japan. In regard to ampicillin, streptomycin and tetracycline, resistance frequency in isolates of broiler chicken origin in Japan was similar to the levels in France and the UK, whereas the resistance frequency in cattle was higher in Japan than in France or the UK. In pigs, the resistance frequencies of ampicillin and tetracycline were higher in Japan than in the Netherlands, but that of streptomycin was similar between isolates originating from Japan and the Netherlands. Our previous study showed that the nationwide prevalence of resistant strains against each class of antimicrobials in E. coli is proportionate to the total amount of the respective antimicrobials used on animals [3] . In addition, co-resistance contributes to the development and prevalence of antimicrobial resistance in E. coli [8] . The prevalence of antimicrobial resistance may derive from differences in antimicrobial use in each country.
Fluoroquinolone and the third generation cephalosporins are critically important medicines for both humans and animals. Therefore, emergence of resistance to them is a significant concern, especially in human medicine. Fluoroquinolones have been approved for veterinary use in Japan since 1991. Our previous studies found enrofloxacin resistance in about 20% of E. coli isolates from diseased food-producing animals [9, 16] . The present study showed that enrofloxacin resistance remained at a low level (<7%) in E. coli isolates from apparently healthy food-producing animals in Japan. On the other hand, cephalosporin antibiotics are approved for veterinary use in only cattle and pigs in Japan. However, resistance to cephalosporin was constantly observed in recent isolates from broilers. In our previous study, cephalosporin-resistant isolates from broilers in 2000-2002 were identified as CTX-M-2, CTX-M-18 and CMY-2 -lactamase producing strains [12] . In 2003, cephalosporin resistance was found for the first time in E. coli isolates from cattle, pigs and layer chickens. We continue to monitor the spread of cephalosporin-resistant bacteria and characterize the cephalosporin resistance determinants in cephalosporin-resistant isolates from food-producing animals.
Resistance rates to almost all antimicrobials were higher in layer chicken isolates of E. faecalis compared with E. faecium. Our previous studies showed a similar result in the isolates of cattle, pigs and broiler chickens [13] . As mentioned above (Tables 3 and 4) , Enterococcus isolates from layer chickens and cattle are likely to exhibit less frequency of resistance than those from pigs and broiler chickens. In Enterococcus isolates, antimicrobial resistance prevalence depended on animal origins and bacterial genus.
Fluoroquinolone resistance was found at a low level in isolates of E. faecalis, but not in E. faecium. In the present study, the enrofloxacin MICs were distributed bimodally in only E. faecalis. Therefore, we could not determine the resistance breakpoint of enrofloxacin in E. faecium. The present study showed that resistance against gentamicin and chloramphenicol was most common in E. faecalis isolates of pig origin. In Japan, although gentamicin is available in swine practice, the sales volume of gentamicin is limited [3] . Use of chloramphenicol in food animals has been banned in Japan since 1998 [8] . Our previous study showed that cross-resistance and co-resistance contributes to the prevalence of chloramphenicol-resistant E. coli in pigs [8] .
Resistance against glycopeptides and streptogramins in enterococci was rarely prevalent. The government prohibited the use of glycopeptides (avoparcin and orienticin) in food-producing animals on March 18, 1997 in Japan. On the other hand, virginiamycin has been approved for antimicrobial growth promotion in Japan, although its use was prohibited in 1998 in Europe. Bywater et al. [5] showed that resistance to virginiamycin is present in about 20% of E. faecium isolates from pigs and chickens in European countries. In their study, the microbiological resistance breakpoint of virginiamycin was calculated as >8 g/ml, although the virginiamycin MIC distribution showed a single mode in the present study. Even though the breakpoint recommended by Bywater et al. [5] was adopted, resistance was rarely found in Japan because the MIC90 was low (4 and 2 g/ml in E. faecalis and E. faecium, respectively).
The present study showed that the incidence of antimicrobial resistance has been constant in the indicator bacteria, E. coli and enterococci, between 2000 and 2003. However, resistance to fluoroquinolone and cephalosporin was prevalent in E. coli isolates from food-producing animals. It is necessary to monitor the development and prevalence of antimicrobial resistance to prevent the spread and increase of these bacteria.
